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LO N G -TERM G O ALS

Thelong- term goal saret o underst and t het ransf orm at ion ofsurf acegravi ty wavespropagat ing
acrosst henearshoret o thebeach,t hecorrespondi ngwave- dri ven ci rcul at ion,and t heassoci ated
evol ut ion ofsurf zonem orphol ogy.

O BJECTIVES

Theobj ect ivesi n FY 97-98 aret o obt ain com prehensi vefiel d observat ionson a bat hym etri cal ly
com plex nat uralbeach t o devel op,t est ,and i m provem odel sdescri bing t he

-t ransf orm at ion ofsurf acewavesacrosst henearshoreand surf zone

-breaki ng wave- dri ven set up and near- bot tom circul at ion

-evol ut ion oft henearshorebat hym etry i n responset o wavesand ci rcul at ion

A n addi tionalobj ect ive i st o provi de dat a support ing ot herSandyD uck st udiesofwave t rans-
form at ion,sedi m entt ransport ,and acoust icpropert ies.

APPRO ACH

The evol ut ion ofwaves ,current s,and bat hym etry on a nat uralbeach i sbei ng observed duri ng
the SandyD uck fiel d experi m enton t he N ort h Carol ina coast . Pressure gages ,currentm et ers ,
and sonaral tim etershavebeen depl oyed on a t wo-dim ensionalgri d ext endi ng 370 m from near
the shorel ine t o about5 m wat er dept h and spanni ng 200 m along t he coast( figure 1) . The
gri d isl argeenough t o sam plesi gni ficantbat hym etri ci nhom ogenei tiesand t hei ref fect son wave
evol ut ion and ci rcul at ion. The spat ial ly ext ensi ve i nst rum entarrayswi llal low quant itat ive i n-
vest igat ionsofsea and s well,edge waves ,shearwaves ,al ongshore i nhom ogeneousci rcul at ion,
and changi ng m orphol ogy.

In col laborat ion with T.H erbers ,a Boussi nesq m odelf ort henonl inearevol ut ion ofnonbreak-
ing,di rect ional ly spread waveswi llbe t est ed by com pari son wi th the array observat ions. The
m odelw i llbei ni tial ized wi th wavedi rect ionalspect ra est im ated f rom pressuresensorarray dat a
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acqui red i n 8-m waterdept h (notshown) ,and m odelpredi ct ionswi llbe com pared wi th wave
observat ionsatshal lowerdept hs( figure1) .

Breaki ng subst ant ial ly com pl icat eswaveevol ut ion.Fi eld m easurem ent -based al gori thm sfores-
tim ating breaki ng locat ion and si gni ficantwavehei ghti n thesurf zoneareused wi dely i n pract i-
calappl icat ions.H owever ,t heef fectofbreaki ngon wavepropagat ion di rect ionsi sunknown.In
col laborat ion with T.H erbersand W .O ’ Reilly,m odel sfordi rect ional ly spread waveswi llbei ni-
tial ized wi th m easurem ent si n 5m depth,and predi ct ionsoft otalwaveenergy,m ean propagat ion
direct ion,di rect ionalspread,and radi at ion st resseswi llbecom pared wi th surf zoneobservat ions.

A cross- shoret ransectofburi ed (to avoi d flow-induced pressures)Parospressuregagesprovi des
est im atesoft he wave- breaki ng induced set up. In col laborat ion with B.Raubenhei m er,t he ob-
servat ionswi llbecom pared wi th m odelsforset up and wi th thecorrespondi ng of fshoredi rect ed
near- bot tom flows(undert ow).

G raduat est udentF.Feddersen i scom pari ng t heobserved breaki ngwave- forced ci rcul at ion with
predi ct ions ofa shal low water equat ion-based m odelt hat i ncorporat es t he physi cs ofbat hy-
m etri cal ly cont rol led surf zoneflow,i ncl uding longshorepressuregradi ent sand t henonl ineari ty
bel ieved t o cause ri p current s. Inst ead ofrel yi ng on probl em atic (on a nat uralbeach)peri odi c
boundary condi tionsorl ongshoreboundary condi tionsrequi ri ng an unreal ist ical ly l argenum -
berofobservat ions,nonl ineari nversem odel ingand dat aassi m ilat ion willbeused.Theassi m ila-
tion ofobserved current si ncl udest heef fect s(on t hem odeled flow fiel d)ofl arge- scal e,l ongshore
vari at ionsi n thebat hym etry ( orwavefiel d)t hatareout si det heinst rum ent ed areaand notm od-
eled expl ici tly.

O bserved current sand sedi m entcharact eri st icsw i llbeused t o dri vea 2D energet ics- typem or-
phol ogi calevol ut ion m odelt hati sunderdevel opm ent.Predi ct ionsofbar- scal em orphol ogi cal
evol ut ion willbecom pared wi th observat ionsm adewith thearray ofal tim eters( figure1b) ,sup-
plem ented by spat ial ly densesurveysm adedai ly w ith an am phibiousvehi cl e.

W O RK CO M PLETED

Thearray wasdepl oyed i n Jul y 1997 and dat a havebeen acqui red nearl y cont inuousl y form ore
than 2. 5 m onths( Aug – m id-O ct1997) .D at a col lect ion i spl anned unt ilearl y N ov.D at a ret urn
isgreat ert han 97% .Si gni ficantprocessi ng i sperf orm ed i n near- realt im e,and m apsofnearshore
wavehei ght sand di rect ions,bat hym etry,m ean flows ,and set up every 3 hoursf or75 dayshave
been produced ( figures1 and 2,di scussed bel ow,correspond t o a si ngle3-hourperi od).

O ne-dim ensionalBoussi nesq shoal ingwavem odelshavebeen com pared wi th observat ionsm ade
on t hecross- shoret ransectoft heD uck94 pi lotexperi m ent( Elgaretal .1997,Chen etal .1997,
N orhei m etal . 1997) . The m om entum balance descri bed by t he shal low waterequat ionswas
veri fied bycom pari son wi th m ean longshorecurrent sobserved al ong t heD uck94 t ransect( Fed-
derson etal . 1997) . A 1D m orphol ogi calevol ut ion m odelwasshown t o predi ctt he of fshore
sandbarm i grat ion observed i n D uck94 ( G allagheretal .1997) .

RESU LTS

N earshorewavesand ci rcul at ion dri ven by a m oderat est orm (150 cm si gni ficantwavehei ghti n
5 m depth)are shown i n figures1 and 2. The waveswere obl iquel y i nci denton t he shorel ine
(figure 1a) .W avebreaki ng wasweak and t he wavehei ghtrem ai ned approxi m ately const anti n
waterdept hsgreat ert han 3 m (figures1a and 2a) .St rong,wave- dri ven m ean longshorecurrent s
(> 130 cm /sec)wereobserved i n the narrow surf zone neart heshorel ine (figure 1c) .There was
littleal ongshorevari at ion in bat hym etry( figure1b) ,wavedi rect ions( figure1a) ,orm ean current s
(figure1c) .Breaki ng rel ated changesi n thewaveradi at ion st ressareapproxi m ately bal anced by
waveset up (figure2b)t hatdri vesst rongof fshoredi rect ed m ean current s(figure2c) .Prel im inary
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anal ysi ssuggest s t hat ,i n thiscase,al ongshore gradi ent s i n the bat hym etry and wave fiel d are
not i m port ant i n ei ther t he m ean longshore or m ean cross- shore m om ent um balances. It i s
ant ici pat ed,based on previ ousexperi enceatt hissi te,t hatt hebat hym etry w i llbecom ei rregul ar
asst orm sbecom em orei ntenseand f requent .

IM PACT/APPLICATIO N S

TheSandyD uck observat ionswi llbeused t o veri fyand i m provewave,ci rcul at ion,and m orpho-
logi calchange m odel sofi nterestt o oceanographersand engi neers . In addi tion,t he spat ial ly
and t em poral ly ext ensi veobservat ionsprovi det heopport uni ty t o di scovernew phenom ena not
incl uded i n presentm odel s.

TRAN SITIO N S

Thesonaral tim etersdevel oped undert hisprogram arebei ng ut ilized by ot hersci ent ist s,i ncl ud-
ing al tim etersm ount ed on t heCR A B (E.B.Thornt on,E.G al lagher) ,on a m ovabl einst rum ent
sl ed (Thornt on,St ant on),and on t heFR F’sSensorInsert ion Syst em (C.M iller,D .Resi o).Fi eld
test ed m odels for surf zone waveshave been adapt ed by t he operat ionalN avy ( eg,t he SU R F
m odel).

RELATED PRO JECTS

Theobservat ionsofnearshorewaves ,current s,and bat hym etry com pl im entcol laborat ive( w ith
H erbersand O ’ Reilly)i nvest igat ionsofwavepropagat ion acrosst he inner( W avesin theO cean
BA A )and ent ire( Shallow W aterW avesD R I)cont inent alshel f.

W e also are col laborat ing with ot her SandyD uck i nvest igat ors ,i ncl uding usi ng our m easure-
m entsofwaves ,current s,and bat hym etryi n st udiesofbot tom roughness( hydraul icdrag)( Thorn-
ton,D rake) ,wavebreaki ng (Lippm ann),t hevert icaldi st ri but ion ofcurrent s(Thornt on,H at h-
away),ci rcul at ion (J.Sm ith),t hedet erm inat ion ofbat hym etry f rom wavedat a (P.Sm ith,T.H ol -
land) ,acoust icalpropert ies( H ay,H ei tm eyer,Li vi ngst on),wave- breaki ng induced bubbl es( Su),
nearshorebedf orm s( H ay,Thornt on,G al lagher) ,sedi m entt ransport( M iller,Resi o),vi deo est i-
m ation ofsurf zonecurrent s(H olm an),and s wash processes( H olland,Sal langer) .
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Figure 1: Sum m ary ofobservat ions obt ained with our SandyD uck array duri ng a st orm y 3 hr-

peri od (1300- 1600 hrs,4 Sep 1997) .Each panelshowsa pl an vi ew oft heinst rum ent ed regi on with

nort h toward t het op and t heshorel inet o theleft.( a)W avepropagat ion di rect ion (indi cat ed by t he

arrow di rect ion)and wavevari ance( proport ionalt o the arrow l engt h)est im ated with dat a from a

biaxi alcurrentm et erandpressuresensorl ocat edatt hebaseofeacharrow.( b)D ept hcont ours( 20

cm interval s)basedonsonaral tim eters( fil ledci rcl es) .A cross- shoreprofil eofwat erdept h isshown

in figure2c.( c)M ean ( 3-hraverage)current s(direct ion and m agni tudearei ndi cat ed by t hearrow

direct ion and l engt h,respect ivel y).Thel ongestvect orcorrespondst o about136 cm / s.
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Figure2:O bserved ( a)si gni ficantwavehei ght Hs,( b)super- elevat ion (eg,set up)oft hem ean sea

surf ace( sol id l inecorrespondst oa t heoret icalpredi ct ion),and( c)wat erdept h (sol id l ine)andnear-

bot tom cross- shore current s(the baseofeach arrow correspondst o a flow m eterl ocat ion and t he

longestvect orcorrespondst o about30 cm / sec)versuscross- shoredi st ance.Theobservat ionswere

obt ained al ong t he cent ralt ransectnearl ongshore coordi nat e 827 m (figure 1)bet ween 1300 and

1600 hrs,4 Sep 1997.
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